Optically detected triplet-state magnetic resonance studies of the DNA complexes of the bisquinoline analogue of echinomycin.
The polymeric DNA and model duplex oligonucleotide complexes of the bisquinoline analogue of echinomycin (2QN) have been studied by optical detection of triplet-state magnetic resonance (ODMR) spectroscopy, with the quinoline chromophores of the drug used as intrinsic probes. Plots of ODMR transition frequencies versus monitored wavelength revealed heterogeneity in the phosphorescence emission of 2QN which was ascribed to the presence of a major and minor conformation of the drug in aqueous solutions (referred to as the red and blue forms of 2QN, respectively, in this report). ODMR results, in conjunction with findings from low-temperature phosphorescence investigations, indicate that the quinoline chromophores of the major (red) form of 2QN are involved in aromatic stacking interactions in complexes with the natural DNAs from Escherichia coli, Micrococcus lysodeikticus, Clostridium perfringens, and calf thymus as evidenced by red shifts in the phosphorescence 0,0-band of the drug, reductions in the phosphorescence lifetime and zero-field splitting (zfs) D and E parameters, and polarity reversals of the ODMR slow passage signals upon complex formation between the analogue and DNA. The polarity reversals, which reflect shifts in the triplet-state sublevel populations induced by complex formation, apparently result from changes in the triplet sublevel decay constants upon binding to the natural DNAs. The 2QN complexes of the double-stranded alternating copolymers poly(dG-dC).poly(dG-dC) [abbreviated as poly[d(G-C)2]] and poly(dA-dT).poly(dA-dT) [abbreviated as poly(dA-dT).poly(dA-dT) [abbreviated as poly[d(A-T)2], the homopolymer duplexes poly(dG).poly(dC) [abbreviated as poly(dG.dC)] and poly(dA).poly(dT) [abbreviated as poly(dA.dT)], and the self-complementary oligonucleotides d(ACGT)2, d(TCGA)2, and d(ACGTACGT)2 were also investigated. The extent of reduction of the zfs D parameter (delta D) for the major form of 2QN upon complex formation with the polymeric DNAs was found to scale linearly with the standard free energy of the drug-DNA interaction (delta G degrees) calculated from previously reported binding studies for these targets [Fox, K. R., et al. (1980) Biochem. J. 191, 729-740]. This relationship between spectroscopic and thermodynamic properties of the 2QN-polynucleotide complexes is a consequence of the effects of base stacking interactions on the electronic states of the intercalator, which were postulated to arise from second-order shifts of the ground-state and the triplet-state energies of the complex on the basis of a modification of the solvent effect theory of van Egmond et al. [(1975) Chem. Phys. Lett. 34, 423-426].